To analyze the effects of hyperbaric oxygen therapy on liver function in rats previously subjected to ischemia and reperfusion. METHODS: A randomly distribution of 23 Wistar rats was conducted into three groups: SHAM, animals subjected to surgical stress without restricting blood flow by clamping the hepatic pedicle, IR, rats underwent hepatic vascular occlusion intermittently for two complete cycles of 15 minutes of ischemia followed by 5 min of reperfusion, IR / HBO, rats underwent hepatic pedicle clamping and thereafter exposed to hyperbaric oxygen pressure of 2 absolute atmospheres for 60 minutes. We evaluated liver function through mitochondrial function, determined by the stages 3 and 4 of respiration, respiratory control ratio (RCR) and mitochondrial permeability transition (Swelling). Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were also quantified . We analyzed the results using the Mann-Whitney test and were considered significant all results with p <0.05. RESULTS: There were significant differences between the results of stage 3 in SHAM vs IR group ; of the stage 4 in the groups IR vs SHAM and SHAM vs IR /HBO; of the Respiratory Control Ratio (RCR) in the group IR vs IR / HBO ; of alanine aminotransferase in the groups IR vs SHAM , SHAM vs IR/HBO and IR vs IR / HBO; aspartate aminotransferase in the groups SHAM vs IR and SHAM vs IR / HBO. CONCLUSION: The whole analysis of the mitochondiral function indicators permits us to conclude that the hyperbaric oxygen therapy acted as a protective agent of the mitochondrial function, minimizing the ischemia-reperfusion injury of the hepatic parenchyma. Key words: Hyperbaric Oxygen Therapy. Mitochondria. Liver Ischemia. Reperfusion.
Introduction
The main concern in liver surgery consists in trying to minimize the massive bleeding and prevent blood transfusion, which proved to be deleterious agents in the post-operative period. The intraoperative hemorrhage significantly affects morbidity and mortality, and the need for blood transfusions was an important factor in postoperative complications 1 .Taking into consideration these challenges, some techniques are of great help in liver surgery, such as vascular occlusion by clamping the hepatic pedicle (Pringle Technique) or the total vascular exclusion of the liver. However, the main side effect of the clamping techniques consists in hepatic ischemia-reperfusion injury, which induces hepatocellular suffering and involves complex metabolic pathways 2 . The ischemia-reperfusion injury consists of changes observed during the reperfusion period, which are mainly related to ischemic time and it includes hepatic microcirculatory alterations, hypotension, elevated levels of serum aminotransferase and LDH , mitochondrial dysfunction and lipid peroxidation 3 . These changes are the result of a complex association between ATP depletion, and leukocyte activation, Kupffer cells in the liver sinusoids, release of proteases and phospholipases, complement activation and formation of reactive oxygen species 3, 4 .
Many strategies to mitigate the effects of ischemiareperfusion injury have been used in animal models, mainly the surgical and pharmacological ones, and among them all some had their effects confirmed in clinical studies 1, . Accordingly, the intermittent clamping of the hepatic pedicle proved to be more effective in attenuating ischemia-reperfusion injury compared to the continuous portal triad clamping 7 . In this context, the interest in hyperbaric oxygen therapy (HBO) has grown due to its role in ischemia and reperfusion injury therefore in the liver transplantation field 9, 10 . HBO is the inhalation of pure oxygen at hyperbaric conditions which increases the amount of dissolved oxygen in the blood and therefore in body tissues (Henry's 
Discussion
The ischemia-reperfusion injury seriously affects the process of oxidative phosphorylation. Since the mitochondrial membrane are localization sites of the respiratory chain and, and cell membranes are target of the free radicals generated during reperfusion, it is supposed that the destruction of the membranes will result in impairment of oxidative phosphorylation. Thus, the mitochondrial changes are associated with liver microcirculation injury and are good indicators of ischemia and reperfusion 8, [13] [14] [15] .
Likewise, serum transaminases quantifications are classic parameters of hepatocellular injury, indicating changes in mitochondrial membrane permeability, and being widely used in studies regarding the ischemia and reperfusion injury 5, 13, 16, 17 .
In our study we evaluated mitochondrial respiration by oxygen consumption rate in stage 4 (resting respiration) ,rate of oxygen consumption in stage 3 (active respiration) and respiratory control ratio (RCR), which indicates the coupling between electrons transfer through the respiratory chain and oxidative phosphorylation. Additionally, we evaluated the permeability of the inner mitochondrial membrane by osmotic swelling of mitochondria, related to Ca + homeostasis . The osmotic mitochondrial swelling induced by Ca +2 and phosphate ( Figure 1D ) showed no significant difference between groups.
With regard to serum levels of ALT ( Figure 2A ) there was an increase in the results obtained in the IR group compared to SHAM group (p <0.05), which is in agreement with other studies in the literature 5, 13 . We also found increased levels of ALT in group IR / HBO compared to SHAM group and in the group IR/HBO compared to the IR group. These facts suggest that HBO increased the hepatocellular injury.
There was a significant increase of AST in IR group compared to the SHAM group, as demonstrated by other authors 15 . The group IR / HBO also showed an increase compared to the SHAM group, corroborating the results obtained with ALT levels.
However, the same was not observed in groups IR and IR / HBO results that showed no significant difference, indicating that HBO was effective in containing the damage of hepatocytes when comparing the ischemic groups.
Conclusion
The analysis of the mitochondrial function indicators as a whole allows us to conclude that the hyperbaric oxygen therapy acted as a protective agent of the mitochondrial function, minimizing the ischemia-reperfusion injury of the hepatic parenchyma.
